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The abundance and cellular distribution of a Mr 95,000 protein (95K) associated 
with the cytoskeleton of the human parasite, Entamoeba histolytica have been studied. 
Growth phase amoebae were lysed in a cytoskeleton stabilizing buffer containing 1% 
Triton X-100. The Triton X-100 insoluble fraction was collected following sucrose 
density gradient centrifugation. It was estimated by quantitative densitometry that the 
95K protein comprised 4.6% of the protein. Blot affinity purified monospecific antibody 
to the 95K protein was used to localize the 95K protein by immunofluorescence 
microscopy. The 95K protein was evenly dispersed throughout the cytoplasm of 
non-motile cells. The 95K protein appeared to become associated with actin during 
liposome stimulation suggesting a possible role in the reorganization of actin filaments 
during phagocytosis. Since the actin cytoskeleton is essential during phagocytosis, a 
major step in the cytopathogenic mechanism of E. histolytica, the 95K protein may also 
play a functional role in E. histolytica attack on mammalian cells. 
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Amebiasis is a disease caused by the parasitic protozoan; Entamoeba histolytica, 
which normally lives and multiplies in the lumen of the host’s large intestine. 
Occasionally, for reasons which are currently unknown, trophozoites penetrate the 
mucus barrier and invade the intestinal mucosa, resulting in bloody dysentery, the 
clinical symptom of intestinal amebiasis. Less frequently, amoebae penetrate the 
intestinal wall, enter the blood, and are transported to the liver, where abscesses may 
form. The powerful lytic activity of the trophozoites, or motile forms, can produce 
necrosis in a varity of human tissues (Martinez-Palomo, 1982). Amebic liver abcess is 
the major cause of death from amebiasis. E. histolytica infections can be treated with 
drugs, but there exist no medical means of disease prevention. Much of the current 
research on amebiasis is directed toward development of a vaccine. Achievement of 
this goal will be aided by more information about the disease process and of the parasite 
protein molecules involved in the interaction with mammalian target cells. Even though 
the cellular mechanism by which these trophozoites destroy mammalian cells is not clear 
(Martinez-Palomo, 1982; Ravdin and Guerrant, 1982), a variety of amoeba-associated 
properties have been correlated with virulence. 
In vitro studies have shown that contact of the trophozoite with a target cell is 
required (Ravdin et al., 1980). Contact killing has been described as occurring in the 
sequence: adhesion, cytolysis following contact, phagocytosis and intracellular 
degradation (Ravdin et al., 1980). Dependence of in vitro virulence upon the phagocytic 
competence of the amoeba has been reported (Orozco and Sanchez, 1983). 
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All steps of the sequence are inhibited by cytochalasins, indicating that dynamic 
participation of the amoeba actin cytoskeleton is required. Using rhodamine-phallodin, 
which binds specifically to polymerized actin, workers in this laboratory have 
demonstrated rapid polymerization of E. histolytica actin following contact with 
mammalian target cells (Bailey et al., 1987). 
Biochemical and electron microscopic studies have revealed the significant 
contribution of the actin-based cytoskeleton in many cellular motile events of E. 
histolytica that are implicated in its pathogenicity (Ravdin and Guerrant, 1981). These 
studies revealed the absence of microtubules and no indication of intermediate filaments. 
The biochemical and microscopic studies did reveal however, the presence of 
microfilament-like structures (Ravdin and Guerrant, 1981). Actin, which is the 
predominant protein of the microfilaments, has been identified and partially purified 
from trophozoites of E. histolytica (Meza et al., 1983) however, no other cytoskeleton 
related proteins have been reported for the organism. 
In order to examine, in more detail, the composition of the cytoskeleton, E. 
histolytica cells were treated with a membrane lysing and cytoskeleton stabilizing buffer 
containing Triton X-100 and specific protease inhibitors. Proteins of the Triton-insolu¬ 
ble residual structure were separated from the soluble proteins of the supernatant fraction 
using sucrose density gradient centrifugation. 
A fluorescent derivative of the polymerized actin-binding drug phalloidin was use 
as a marker to identify the actin-rich cytoskeletons after sucrose density separation. The 
electrophoretic profile of proteins in these detergent resistant "cytoskeletons" was 
obtained. 
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Localization and identification of cytoskeletal proteins isolated from E. histolytica 
trophozoites in different motile states and identification of any modifications of these 
proteins in response to appropriate stimuli would provide information on how these 
proteins may function in vivo. 
This study describes the presence of a major protein that has been demonstrated in 
the Triton X-100 insoluble preparation , of E. histolytica, that has a relative mobility (Mr) 
on sodium-dodecyl sulfate (SDS) gels of 95,000 and will be referred to as the 95K 
protein. Densitométrie scans of the Coomassie-blue stained SDS gels of the 
Triton-insoluble fractions revealed that the 95K protein accounted for 4.6% of the total 
protein compared to the most prominent protein, actin, which accounted for 6.8%. 
Initial findings from these studies suggest that because of the abundance of the 95K 
protein and its isolation in the Triton-insoluble fraction, it may be an actin binding 
protein and may play a significant role in cytoskeleton function. 
Monospecific antibodies (recognizing a single protein in E. histolytica trophozoites) 
to the 95K protein were obtained using the blot-affinity technique described by Smith et 
al. (1984). The monospecific antibody to the 95K protein was used with indirect 
immunofluorescence microscopy teuiniques to determine the cellular distribution of the 
95K protein in E. histolytica trophozoites during different motile activities. 
The 95K protein is a major cytoskeleton associated protein which appears to become 
co-localized with polymerized actin under certain conditions. Since the actin 
cytoskeleton is essential in the cytopathogenic mechanisms of E. histolytica, the 95K 
protein may also play a functional role in E. histolytica attack on mammalian cells. 
Further studies of this protein may be warranted. 
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The specific aims of this research are: (1) to develop optimal methods to isolate E. 
histolytica cytoskeletons, (2) to develop optimal conditions for the resolution of the 
95K proteins associated with E. histolytica cytoskeletons by SDS polyacrylamide gel 
electrophoresis, (3) to identify an immunological relationship between the E. histolytica 
95K protein and alpha-actinin, a known cytoskeleton associated protein of similar size, 
(4) to produce monospecific antibody to the 95K protein from preparative 
electrophoretically purified protein, (5) to determine the intracellular location of the 95K 
protein in E. histolytica trophozoites and (6) to compare its distribution with that of 
polymerized actin in E. histolytica involved in different motility related activities, e.g., 
unstimulated amoeba, liposome stimulated amoebae, amoebae during cell to cell contact 




Amebiasis is an enteric disease resulting from the invasion of the large intestine and 
the extraintestinal tissues by the protozoan parasite, Entamoeba histolytica. Walsh 
(1984) recently ranked the great infectious diseases of Africa, Asia, and Central America 
on the basis of prevalence, mortality, and morbidity. Amebiasis was rated thirteenth, 
preceded by diarrheal diseases, respiratory infections, malaria, measles, schistosomiasis, 
tetanus, whooping cough, tuberculosis, hepatitis B, diphtheria, hookworm, and South 
American trypanosomiasis. 
Recently, it has been reported that amebiasis is cosmopolitan in distribution and in 
the developing world alone causes 480 million infections per annum, about 50 million 
disease incidents, and about 100,000 deaths (Sepulveda and Martinez-Palomo, 1984). 
Invasive amebiasis is prevalent in certain areas of the world, including west and 
southeast Africa, the whole of southeast Asia, Mexico, and the western portion of South 
America according to Sepulveda. While the reason for the apparent virulence of 
amoebae in these areas is unknown, the spread of the disease is related to 
underdevelopment, in particular to poor water supplies and sanitation. It is reported 
that the extreme capital cost of building adequate water and sanitation systems and the 
related costs of manpower training and maintenance, it will be a long time before these 
crucial systems are widespread in the tropics. 
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Further research has shown that the parasite can be transmitted not only in drinking 
water but on fresh fruits and vegetables (Burrows, 1974). Unfortunately, medical 
interventions are inadequate: There is no prophylaxis, and treatment still requires 5-10 
days with a drug that is putatively carcinogenic (Craig, 1984). 
Transmission of Entamoeba histolytica Infection 
An understanding of the pathogenicity of the organism may be a knowledge of the 
life cycle. The life cycle of E. histolytica has been characterized (Martinez-Palomo, 
1982). The infective cyst form of E. histolytica can survive outside the host for a few 
days (maybe) in a moist environment and when ingested provides the parasite with a 
barrier to normal gastric acidity. Ingestion of cysts from fecally contaminated sources 
is followed by excystation in the large bowel. The nuclei of the cyst divide to form 
eight nuclei (transient metacystic stage), cytoplasmic division follows, and eight amebic 
tropohozoites emerge. The trophozoite population then resides in the large bowel, 
where tissue invasion may occur. Infected individuals excrete up to 45 million cysts per 
day. 
Encystation is an active process: the cyst undergoes two nuclear divisions (to a total 
of four nuclei) during which anaerobic glycolysis occurs. The fact that in vitro 
encystation of axenic E. histolytica has not yet been observed hampers studies in this 
area. The process of excystation has not been well studied and needs to be further 
defined in regard to its stimulation and molecular control. 
The Mechanism of Entamoeba histolytica Cytopathology 
Although a lot of research is being done in the area the basic structural, biochemical, 
or immunologic traits defining the factors responsible for E. histolytica 
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pathogenicity have not been found. The main problem for their identification has been 
that non-pathogenic strains have not been isolated until recently, and experiments 
comparing strains varying in their virulence have not rendered definitive results. 
Nevertheless, it has been reported that virulence of amebic strains correlates with a series 
of biologic properties of trophozoites and their extracts (Trissl and Martinez-Palomo, 
1977). There is sufficient evidence indicating that the aggressive mechanism of E. 
histolytica follows four consecutive steps: adhesion to target cell phagocytosis lysis and 
cellular degradation (Ravdin et al., 1980). Virulence-related biologic activities of 
trophozoites and their extracts may participate in one or more of the four main steps in 
this aggressive mechanism. Thus, some of these components should participate in the 
contact of amoebae to target cells, that is, in adhesion and phagocytosis. Destructive 
properties shown by extracts may be related to either enzymes or toxins involved in the 
cell damage produced by whole live trophozoites. 
A careful dissection on a molecular and cellular level of the amebic cytolytic 
mechanism is crucial to developing either pharmacologic or immunologic strategies to 
control this parasite’s virulence factor. The electrophoretic profile of the amoebae 
cytoskeleton could be helpful in recognizing actin-related proteins that may play a role in 
the cytolytic activity of the parasite. 
The Entamoeba Cytoskeleton 
Electron microscopic and biochemical studies have provided no evidence of 
cytoplasmic microtubles in Entamoeba (Martinez-Palomo, 1982). Furthermore, 
unpublished experiments by D. Wyrth, of Harvard School of Public Health, have found 
no genetic sequence in E. histolytica which hybridizes with eukaryotic tubulin genes. 
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Therefore, unlike more highly evolved eukaryotic cells, and most other amoebae, E. 
histolytica apparently contains no microtubular-based cytoskeleton. 
The presence of an actin-based cytoskeleton is well established. Aust-Kettis and 
Sundqvist (1978) using indirect immunofluorescence, were the first to detect actin in E. 
histolytica trophozoites. Additional evidence has come from the demonstration of 
binding of heavy meromyosin to cytoplasmic filaments (Gadhasi, 1982). 
Other observations regarding the effect of cytochalasins on E. histolytica motility 
mechanisms, also implicate microfilaments. More recently, reports have characterized 
actin from E. histolytica trophozoites biochemically. A notable feature which 
distinguishes Entamoeba actin from most eukaryotic actin is its inability to inhibit 
DNase I activity (Meza et al., 1983). E. histolytica actin migrates on SDS 
polyacrylamide gels to a position corresponding to Mr 48,000 compared to 42,000 to 
45,000 for other eukaryotic actins. However, a recent determination of the amino acid 
sequence of E. histolytica actin from cloned actin sequences shows it to be of the same 
molecular size as eukaryotic actin (personal communication). 
There are no reports of any other actin cytoskeleton associated proteins from E. 
histolytica. The 95K protein detected in the Triton X-insoluble fractions of E. 
histolytica, is a cytoskeleton-associated protein. 
The Structure and Function of the Actin Cytoskeleton in Non-Muscle Cells 
Actins and myosins similar to the major proteins of muscle are the major molecular 
components of systems that perform vital functions in non-muscle cells (Hartwig, 1986). 
While the roles of actin, myosin and associated proteins in striated muscle may serve as 
models for non-muscle movement, there are basic differences between the two systems. 
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Filament structures are more dynamic, responding temporally and spatially to the cell 
requirements. Despite its various functions, actin, the major protein of microfilaments, 
has been shown to be highly conserved structurally. In its purified form actin is a 
monomer, G-actin, approximately 42,000 to 45,000 daltons. In the presence of ATP, 
the G-Actin polymerizes to form long double helices called filamentous actin, or F-actin 
(Korn, 1978). 
The F-actin chain has polarity, it tends to polymerize, or elongate, at one end 
(barbed end) and to depolymerize at the other (pointed end). F-actin is the major 
structural element of microfilaments but in the cytoskeleton a number of other proteins, 
known as actin-binding proteins link with it. 
The Actin Regulatory Proteins 
This section briefly summarizes the properties of proteins that have been purified to 
near homogeneity from non-muscle cells and shown to affect actin polymerization. 
The experimental data are still sparse in most cases, and the molecular basis of the 
observed effects often is quite uncertain. Almost nothing is known about the binding 
sites on actin or about the actin-binding sites on the regulatory proteins. Furthermore, a 
protein may serve a significantly different function in the cell than may have been 
inferred from the studies of the purified protein. 
There appear to be five principle sites at which actin binding proteins may have 
their effect (Korn, 1978). They may bind to G-actin monomers, the pointed or slow 
assembly end of the filament, the fast assembly end or barbed end, the side of the 
filament or between two filaments to serve as cross-linkers. In addition to these five 
modes of interaction, such proteins may be sensitive or insensitive to calcium. 
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Monomer binding proteins inhibit nucléation (the formation of oligomers having a higher 
probability of growing into filaments) by reducing the interaction of monomers. There 
are three monomer binding proteins, profilin 13,000 daltons, DNase I 33,000 daltons 
and vitamin D-binding protein 58,000 daltons (Pollard, 1986). The significance of 
vitamin D-binding and DNase I binding to actin is not known. Profilin forms a 1:1 
complex with actin inhibiting nucléation by reducing the interaction of monomers that 
bind to ends of actin filaments are referred to as "capping proteins" (Korn, 1978). They 
influence subunit reactions there. The most universally distributed "capping proteins" 
belong to the fragmin/severin family (Yamamoto et al., 1982). 
These proteins have molecular weights approximately 95,000 daltons and are often 
isolated complexed 1:1 with actin. The fragmin/severin family of proteins cap and 
nucleate but do not sever actin filaments. The proteins in the gelsolin/villin family are 
capping proteins also of relative molecular masses from approximately 90,000 to 95,000. 
These proteins cap, nucleate and sever. The gelsolin/villin family has only been found in 
vertebrates (Yamamoto et al., 1982). Brevin, found in plasma, is immunologically 
similar to gelsolin, but has 25 additional amino acids. So far only one protein, 
acumentin, 66,000 daltons, is known that binds to the pointed or slow assembly end of 
the actin filaments (Southwick and Hartwig, 1982). Bundlers are proteins that bind to 
actin filaments and cause them to form bundles. The bundling proteins include villin, 
also a capping protein, fascin and band 4.9. Fimbrin, another bundler protein, 68,000 
daltons, has been isolated from intestinal brush border cells (Weeds, 1982). The isolated 
bundling proteins range in molecular weights from 31,000 to 68,000 daltons. The 
actin/protein ratios range from 1:1 to 150:1. 
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There are several cross-linking proteins including the alpha-actinins with relative 
molecular masses 90,000 to 112,000 daltons. The alpha-actinins have been isolated 
with actin/protein ratios ranging from 15:1 to 115:1 (Lazarides, 1976). 
Other cross-linkers include filamin, 260,000 daltons, actinogelin, 112,000 daltons, 
from Dictyolstelium, and the spectrin family with molecular masses ranging from 
220,000 to 240,000 (Korn, 1982). In addition to cross-linking of actin filaments, 
proteins such as spectrin, talin, vinculin and band 4.1 may attach actin to either 
membranes or other cytoplasmic structures (Repasky et al., 1982). 
Myosin is the only actin-associated protein that can generate mechanical force. The 
ATP-derived mechanical work is the basis for muscle contraction and is believed to 
generate the energy for motility events of non-muscle cells. Actin and actin-associated 
proteins in non-muscle cells appear to be responsible for virtually all motility related 
functions. They are regarded as being responsible for locomotion, cytoplasmic 
streaming, movement of organelles in the cytoplasm, phagocytosis, exocytosis, secretory 
processes, cell division, regulation of topographical distribution of proteins in cell 
membranes (e.g. capping) and maintenance of cell shape (Taylor and Condeelis, 1979). 
It is proposed that actin thin filaments are cross-linked by one or more single myosin 
molecules, i.e. that each myosin molecule has two actin-binding sites analogous to the 
two microtubule-binding sites on dynein. The structures of myosins and their apparent 
inability to form filaments, have heretofore made it difficult to envisage a mechanical 
model actomyosin dependent contractile or motile activity. 
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The Involvement Of The Actin Cytoskeleton in Cell Motility 
Amoeboid cells have up to 50% of their total cellular actin organized into a cortical 
actin matrix (Eckert and Lazarides, 1978). This actin matrix has been visualized by 
electron microscopy as a network of actin filaments in close apposition to the plasma 
membrane. In preparations where the cells are partially extracted, actin filaments are 
occasionally seen to be attached to the plasma membrane (Luna et al., 1981). This 
cortical actin matrix is often referred to as the cytoskeleton of these cells. 
The cortical actin matrix represents a very dynamic region of the cell, since it is 
involved in extensions of filopodia and in cell locomotions in response to different 
environmental stimuli. Since this cytoskeleton may show quantitative and qualitative 
changes as the cell responds to stimuli that result in motile events (Eckert and Lazarides, 
1978), it is of interest to isolate the cortical actin matrix in biochemical quantities. As 
mentioned a number of proteins that interact with actin and modulate the organizational 
states of actin in vitro have been described. 
The localization of these actin-modulating proteins in cytoskeletons isolated from 
cells in different motile states and identification of any modifications of these problems 
inresponse to appropriate stimuli would provide information on how these proteins may 
function in vivo. 
There are several models presented of the F-actin filament obtained from 3-D 
reconstuctions of negatively stained isolated filaments, and by orienting as a model of 
the actin molecule determined previously from crystalline sheets. The most widely 
accepted model strongly suggests intersubunit contacts are along the two-pitch helical 
strands and not along the one-start genetic helix. 
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The Involvement of Entamoeba histolytica Cytoskeleton in Motility 
The potentially invasive form of E. histolytica, the trophozoite, exhibits a 
specialized motile behavior that appears to be cytoskeleton-dependent. This form of 
movement is called amoeboid movement (Trissl and Martinez-Palomo, 1979; Trissl and 
Martinez-Palomo, 1977). It has been defined as cell movement using pseudopodia 
(Martinez-Palomo, 1982). 
The pseudopodium results from an extension of the ectoplasm followed by the flow 
of the endoplasm in the direction of the extension (Ravdin and Guerrant, 1982). The 
process whereby the endoplasm flows is generally believed to be based on a contractile 
process (Condeelis and Taylor, 1977). 
This process has been discussed in two theories, namely the frontal contraction and 
the contraction hydraulic theories (Taylor, 1980). The frontal contraction hypothesis 
states that the driving force for contraction is localized on the tip of the pseudopodium 
which pulls the endoplasm in the uroid (tail) area and pushes the endoplasm forward into 
the pseudopodium (Taylor, 1980). 
In order to understand these processes the cellular aspects of amoeboid directed 
movements have to be considered. The directed movements include chemotaxis and 
chemokinesis. Chemotaxis is motility towards a chemical attractant (Howard and 
Meyer, 1984; Hirata, 1979). Chemokinesis is the motile activity by which cells increase 
their speed of movement or turning in response to chemical agents (Gallin, 1978). 
The following are cell types that have been studied and shown to demonstrate 
amoeboid direct movement. They are leukocytes and macrophages which demonstrated 
directed movement towards certain peptides (Zigmond and Hirch, 1978) and Amoebae 
proteus and Dictyolstelium ameba which showed similar responses towards cAMP 
(Condeelis and Taylor, 1977; Pollard, 1970). 
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In bacteria, chemoattractant-stimulated méthylation of specific membrane proteins 
resulted in the chemotatic response (Koshland, 1982). Bailey (1982) also demonstrated 
that Entamoeba invadens exhibits directed motility towards chemoattractants. 
In order that cells can demonstrate directed movement they regulate some cellular 
stimulus which is localized (Taylor and Condellis, 1979). The primary stimulus initiates 
a primary response. This response is the attachment of the attractants to the cellular 
receptor sites resulting in changes in the electrical properties of the membrane, followed 
by changes in the concentrations of the secondary messengers (Cereijido et al., 1981; 
Taylor and Rees, 1981). 
The primary stimulus is localized , starting with depolarization of the membrane at 
the site of the interaction (Taylor and Rees, 1981). The site of maximal sensation is the 
leading end from which effects spread to the tail region (Brier et al., 1983). 
Depolarization is followed by changes in local concentrations of secondary messenger as 
the effects spread toward the tail. These changes in cell secondary messengers due to 
membrane depolarization are known as the secondary response (Taylor et al., 1980). 
The secondary messengers are concentrations of intracellular free calcium (Taylor et al., 
1980). 
The changes in local concentrations of intracellular free calcium have been 
described and suggested to be responsible for cell movement and cytoplasm contraction. 
Intracellular free calcium concentrations were discovered in these cells using aequorin 
luminescence (Taylor, 1980). In cells displaying amoeboid movement, such assays have 
implicated two types of increasing luminescence, one at the advancing leading edge and 
the other at the tail region (Taylor, 1980). Fluorescent studies have been used to 
quantitate changes in the intracellular hydrogen concentration of motile cells (Martin and 
Lindquist, 1975). 
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Using this technique motile Chaos carolinensis demonstrated a measured pH difference 
of 0.4 unit on two distinct regions on the same cell (Hellewell and Taylor, 1979). Thus, 
intracellular fluctuation of both free calcium and hydrogen concentrations seemed to be 
associated with the regulation of structure, organization and contraction of the 
cytoskeleton during amoeboid movement (Hellewell and Taylor, 1979). 
The structural and molecular organization of this form of amoeboid movement has 
been postulated to involve transition from gel to sol state (Taylor, 1980). The hypothesis 
of gel-sol transition suggests that endoplasm exists in the form of a cross-linked actin gel 
associated with calcium-sensitive binding proteins (Brown, 1982). It has been postulated 
that increases in the calcium concentration weaken the gel, allowing actin-myosin 
interaction and filament contraction, thus, forcing the cytoplasm to stream forward 
(Hellewell and Taylor, 1979). This process requires Mg++-ATP (Taylor et al., 1982), and 
changes in hydrogen concentration (Hellewell and Taylor, 1979). The calcium removal 
results in gel formation due to cross-linkage of actin with calcium-sensitive protein 
(Hellewell and Taylor, 1979). 
In general, the process of directed amoeboid movement involves a localized 
chemoattractant interaction with the cell surface which results in changes in cellular 
electrical potential and local concentration of secondary messengers at the leading end. 
This in turn causes transient sol production and contraction at the leading end. As this 
effect spreads to the cell, there is solation and contraction of the cytoplasm which allows 
the cytoplasm to be forced forward as streaming endoplasm. The direction of cell 
streaming is controlled by the location of the initial stimulation by the chemoattractant 
(Hellewell and Taylor, 1979). 
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In those cells that demonstrate amoeboid movement, cell motility is directly correlated to 
cell membrane turnover. The directed amoeboid movement first involves adhesion of a 
stimulant to membrane receptor site (Carter and Korones, 1965). Upon adhesion, the 
receptor sites are laterally displaced to a tail region (Taylor et al., 1982). 
This mobilization of receptor sites to the uroid (tail) during cell migration is also 
observed in E. histolytica (Pinto De silva et al., 1974). At the uroid the receptor sites 
are either capped and internalized (Aust-Kettis, 1980). It has been suggested that this 
process constitutes a mechanism used by Entamoeba trophozoites to evade the host 
immune system during invasion (Aust- Kettis and Sundqvist, 1978). 
Immunofluorescent Characterization as an Approach to Understanding Cell 
Motility 
The successful generation of antibodies to actin and other cytoskeleton proteins and 
their use in immunofluorescence microscopy to study their intracellular distribution, of 
their antigens opened a new methodological approach to our understanding of cell 
structure and cell motility (Lazarides and Weber, 1974). 
The technique of immunofluorescence was soon extended to the intracellular 
distribution of actin-associated contractile proteins as well as use to determine the 
distribution of the other two major cytoplasmic filament systems, microtubles and 
intermediate filaments (Griffith and Pollard, 1978). Immunofluorescent localization of 
actin-modulating proteins in cytoskeletons isolated from cells in different motile states 
and identification of any modifications of these proteins to appropriate stimuli provides 
information on how these proteins may function in vivo. 
In this study the technique of immunofluorescence microscopy was used to gain 
information about the possible role of a major 95K protein associated with the Triton 
X-100 insoluble cytoskeleton of Entamoeba histolytica. 
CHAPTER m 
MATERIALS AND METHODS 
Organism 
Amoebae E. histolytica, strain, HM1-IMSS, were cultured axenically in 6 X 126 mm 
screw capped glass tubes in TYI-S medium (Diamond et al., 1978). Cultures were 
harvested by centrifugation at 500 xg for 5 min. 
Isolation of Entamoeba histolytica Cytoskeletons 
Growth phase amoebae were harvested by centrifugation as described above, and 
washed in a cytoskeleton stabilizing buffer containing 0.01 M (3-[N-Morpholinl]- 
2-hydroxy propanesulfonic acid (MOPSO) buffer, pH 6.3, 0.14 M sodium chloride, 5 mM 
magnesium chloride, 5 mM ethyleneglycol-bis (B-aminoethylether)-N,N‘-tetra acetic 
acid (EGTA), 5 mM iodoacetate (IAA) and 0.1 mM tosyl-lysine chloromethyl ketone 
(TLCK). The last two ingredients have been shown to be effective inhibitors of E. 
histolytica proteases (Keene et al., 1984). The cell pellet was suspended with 
approximately 106 cells/ml and lysed in a solution consisting of the cytoskeleton 
stabilizing buffer containing 1% Triton X-100. The Triton-insoluble skeletons were 
layered over lysing buffer containing 60% sucrose and separated from solubilized 
components by centrifugation at 2,000 xg for 40 min. 
Electrophoresis 
SDS-PAGE was performed by the method of Laemmli (1970) usually in 5-15% linear 
gradient gels. Gels were stained with either Coomassie blue or silver 
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(Merrill et al., 1981). Densitométrie readings to quantitate stained bands were made 
with an LKB-Ultra Scan laser densitometer. Total protein in solution was assayed by 
the method of Bradford (1976). For increased resolution and purification of the 95K 
protein, 5 - 22.5% percent gradient gels were used, and run times lengthened to allow 
maximum resolution of the desired protein. Standard molecular weights were also run 
as markers to determine molecular weights of the resolved amoeba proteins. The 
markers were a protein mixture of lysozyme 04,000 daltons), soybean trypsin inhibitor 
(21,500 daltons), carbonic anhydrase (31,000 daltons), ovalbumin (45,000 daltons), 
bovine serum albumin (BSA, 66,000 daltons), phosphorylase B (92,000), 
B-galactosidase (116,500 daltons) and myosin (200,000 daltons). 
Two-dimensional Electrophoresis 
The number of proteins represented by the prominent band at Mr 95K on one 
dimensional gels was determined by two-dimensional gel electrophoresis. Isoelectric 
focusing (IEF) was performed in the first dimension as described by O’Farrell (1975). 
Acrylamide gels (5%) containing 2% ampholines pH range 3.5-10.0 were cast. Gels 
were prefocused at 400 V for 30 min to stabilize the pH gradient. Gel samples 
containing 20-30 ug amoeba cytoskeleton protein prepared by dissolving in an IEF 
solubilizing buffer (9.5 M urea, 100 mM dithiothreitol (DTT), 0.02% ampholines, pH 
3.5-10.0 with 2% (3-[3-cholamidopropyl)-dimethylammonio]-l-propanesulfonate) 
CHAPS and 5 mM potassium carbonate, were loaded onto prefocused gels and focused 
to equilibrium (16 h, 400 V). 
At the end of the IEF run, gels were immediately extruded into equilibration buffer 
containing 3% SDS, 0.01% bromophenol blue, 0.8% electrophoresis grade DTT and 0.5 
M Tris, pH 6.8. 
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The equilibrated gels were transferred to the top of a running gel for electrophoresis in 
the second dimension along with standard molecular weight markers and run at constant 
current (30 mA for most applications). 
Preparative Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis and 
Electroelution for the Isolation of the 95K Protein from Gels 
Three mm thick preparative one-dimensional polyacrylamide SDS gels were 
prepared as described above (See Electrophoresis). The preparative gel consisted of a 
one-cm well for standard molecular weight markers and a long single well (10 cm) for 
amoebae proteins. Molecular weight standards were again used as markers to help 
identify the 95K protein band. Gels were stained for 5 min in Coomassie blue, followed 
by destaining in ethanol-acetic acid until bands were visible. The gel strip containing 
the 95K protein band was then excised with a scapel, and equilibrated with elution buffer 
(see below) plus 0.1% mercaptoethanol for 30 min. 
The strips of gels containing the 95K protein were excised, minced and neutralized 
by putting gel slices in the elution buffer (see below) for 15 min. The protein was 
electroeluted from gel pieces using the LKB 2014 Extraphor Concentrator. The gel 
slices were put into sample cups containing 50 mM Tris (hydroxy- 
methyl-aminomethane), 50 mM glycine, 0.1% SDS, and pH 8.9 elution buffer. With 
the aid of a microsyringe, 50 ul of 3 M ammonium bicarbonate solution was layered 
under the buffer in V-shaped channels. Elution was carried out at 100 V for 
approximately 4 h. The preparative separation of 500 ug of cytoskeleton protein yield 
approximately 20 ug of eluted protein determined by the Bradford assay (1976). The 
eluted 95K protein was dialyzed exhaustively against distilled water. Lypholized 95K 
protein was stored at 4° C for further use. 
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Production of Antisera to the 95K Protein 
Polyclonal antisera to the electrophoretically purified 95K protein was produced in 
rabbits (New Zealand White). The immunization schedule was as follows: After 
removal of control preimmune sera, animals were injected on day 1 subcutaneously with 
200 ug lypholized 95K protein emulsified in Freund’s complete adjuvant. Three weeks 
after the first injection, an intramuscular injection of 100 ug of protein emulsified in 
Freund’s incomplete adjuvant was administered. Venous blood was obtained 10 days 
later and the anti-95K protein titer determined by the enzyme-linked immunoassay 
method (ELISA) described below. Several boosts were given and sera taken to 
determine the increase in the titer throughout the immunization schedule. 
Detection and Quantitation of Antibody Against the 95K Protein 
Antibody to the 95K protein was detected and quantitated by ELISA. Ninety-six 
well microtiter plates were coated with electrophoretically purified 95K antigen or total 
amoebae lysate (1-10 ug/ml) in borate saline buffer (BS, 25 mM sodium borate, 75 mM 
sodium chloride, pH 8.0) dispensing 0.1 ml per well. Plates were incubated for either 4 
h at 25°C or 1.5 h at 37° C. Non-specific binding sites were blocked with 1% BSA in 
BS for 1 h and the wells were washed three times with saline. Then 0.1 ml aliquots of 
rabbit antiserum (primary antibody) at dilutions ranging from 1:2 to 1:5000 in BS buffer 
were added to wells and incubated with antigen for 1.5 h at 37°C. 
Plates were washed three times with BS buffer followed by incubation with 0.1 ml 
aliquots of diluted alkaline phosphatase conjugated goat anti-rabbit IgG secondary 
antibody diluted 1:500. This was followed by three washes with phosphate buffered 
saline, (PBS), containing the detergent polyoxyethylenesorbitan monolaurate 
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(Tween-20). Plates were incubated with the substrate p-nitrophenyl phosphate at 1 
mg/ml in BS buffer. The enzyme-substrate reaction was monitored visually and stopped 
by the addition of 0.05 ml of 3 M NaOH, usually 30 min. To determine the relative 
concentration of antibody in the test sera the amount of product produced during a fixed 
incubation time was quantitated in an ELISA Reader (Titertek multiskan MCC/340, 
Flow) at 405 nm using a well lacking primary antibody as the blank. The pre-immune 
serum from the same animals was used as a negative control. 
Immunoblotting 
Proteins were transferred to nitrocellulose membranes for immunoblotting as 
described by (Towbin et al., 1979). Filters were blocked by soaking in (PBS), pH 7.4 / 
Tween 20 overnight at room temperature overnight. The filters were then incubated 
with primary antibody (1:100 dilution) in PBS/Tween 20 at either 37° C for 1 h or 4° C 
overnight. Membranes were then incubated with peroxidase-labelled Protein A (Protein 
A is a polypeptide isolated from Staphylococcus aureus that binds to the non-antigenic 
determinant sites of most classes of IgG immunoglobulins), diluted 1:1000 in PBS, pH 
7.4/ Tween 20 for 1 h at 37°C. Filters were then washed in four changes of PBS/Tween 
20 followed by three rinses in PBS. For the peroxidase substrate reaction, 50 ug of 
3,3-Diaminobenzidine tetrahydrochloride (DBT) was added to 100 ml of PBS pH 7.2, 
and 100 ul of hydrogen peroxide (30%). The test strips were added to the substrate 
mixture and incubated at room temperature. A brown insoluble precipitate characterized 
the antigen-antibody complex on the strips. 
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Dot Immunoblotting Using Antibodies to Known Cytoskeletal Proteins 
Antibodies against other known cytoskeleton proteins, tropomyosin, spectrin, 
alpha-actinin, actin, filamin, and vinculin, produced in rabbits and obtained 
commerically from Miles scientific company, were tested for cross-reactivity with total 
amoeba cytoskeleton proteins. Using a dot blotting technique (Bers and Gartin, 1985) 
amoebae cytoskeletons (0.5-1.0 ul) solubilized in 1 M Tris buffer pH 6.8, containing 8 M 
urea and 0.1% SDS were applied on nitrocellulose sheets in small volumes 0.0 ul) using 
a microsyringe. Sheets were air-dried for 5 min followed by incubation in 5% 
Carnation non-fat dry milk in PBS, pH 7.4 overnight, at room temperature, on a 
platform rocker. The blocking or quenching step greatly minimized non-specific 
adsorption of test antibodies to the blot Sheets were placed dot application side facing 
up in Petri dishes and overlayed with primary antiserum 0:100 dilution in PBS) against 
one of the cytoskeleton proteins mentioned above and incubated for 1 h at room 
temperature. Sheets were washed four times for 15-20 min each with PBS containing 
Tween 20 and incubated for 1 h in peroxidase labeled Protein A (described above) at a 
dilution of 1:1000 in PBS/Tween 20. Sheets were washed in PBS/Tween 20 and 
incubated with enzyme conjugated secondary antibody and substrate was carried out as 
described above. 
Blot* Affinity Purification of the 95K Protein Antibody From Nitrocellulose Blots 
This technique described above, was used to obtain monospecific antibody to the 
95K protein for the immunocytofluorescence studies. The procedure, called blot-affinity 
purification (Smith et al., 1984) uses the blot as a binding matrix from which antibodies 
bound to specific cell proteins, resolved by electrophoresis, can be eluted. 
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Transfer of electrophoretically separated amoebae proteins (200-500 ug) to 
nitrocellulose blots was performed as described above. Because the blot was used in a 
preparatory manner, it was most efficient to prepare the SDS-PAGE run using a comb 
with one-cm well for standard molecular weight markers and a long single well (10 cm) 
for amoebae protein. By doing so the resolved amoeba proteins, after blotting, existed 
as horizontal bands across the whole blot. The orientation of the blot was recorded 
with a pencil mark so that the proper region was excised for elution. A vertical strip of 
the nitrocellulose which contained the markers plus a small piece of the amoebae 
proteins was stained with 0.05% India Ink in PBS, pH 7.2 and destained with water. 
The strip demonstrated whether transfer of proteins was adequate in all molecular weight 
ranges and also revealed the position and allowed for the proper excision of the 95K 
protein. The remainder of the blot was incubated with primary antibody (diluted 1:100 
in PBS) to the electroeluted 95K protein as described above followed by four washes 
PBS/Tween 20. 
Blots were then incubated with a 1:500 dilution of peroxidase labelled Protein A 
followed by four washes with PBS/Tween 20 and three final rinses with PBS. Blots 
were then rinsed briefly in PBS/Tween 20. The strip pre-stained with India Ink, was 
aligned with the portion of the nitrocellulose membrane that was tested for hydrogen 
peroxidase activity. Only the 95K band on the membrane was excised and transferred 
to microfuge tubes. The bound antibodies were eluted from the strips with three ( five 
min) washes of 5 mM glycine-HCl, pH 2.3, 500 mM NaCl, 0.5% (vol/vol) Tween 20,100 
ug/ml of BSA; these eluates were immediately neutralized by the addition of Tris to a 
final concentration of 50 mM. Elution volume varied between 300 and 500 ul 
depending on the size of the nitrocellulose fragment being eluted. 
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To test that antibody to 95K was recovered, unblotted sections from the membrane were 
incubated with the eluted material, and processed with peroxidase labelled Protein A. 
The test for peroxidase substrate reaction was followed as described above. 
Fixation of Entamoeba histolytica for Immunocytochemical 
Studies 
Interactions of amoebae with challenge preparations were carried out by procedures 
described previously (Bailey et al., 1987). Briefly, trophozoites were harvested in the 
mid-growth phase by centrifugation at 200 xg for 2 min and resuspended at 106 cells per/ 
ml in their own culture medium and allowed to interact with protein-free liposomes 
prepared from red blood cell membrane lipids for 90 s before fixation. Samples 
containing 100 ul cells each were aliquoted into two microfuge tubes. 
In one of these, amoeba actin polymerization was stimulated by challenging the cell 
suspension with liposomes for 90 s before fixation. Cells in the other tube were not 
stimulated before fixation. To each of the sample tubes 1 ml of 7% formaldehyde in 
PBS, pH 7.4 was added and amoebae were allowed to fix for 15 min. At the end of the 
fixation period, samples were centrifuged and the supernatant removed. Pellets were 
transferred into a buffer containing 0.5% Triton X-100, 0.1% SDS, PBS pH 7.4, 0.1% 
BSA and incubated for 10 min at room temperature. Cells were washed in PBS, pH 7.4. 
Cells were then ready for antibody probing described below. 
For experiments involving locomoting amoebae, 100 ul of amoebae that were 
suspended in their own medium were added to coverslips. The cells were allowed to 
adhere to the coverslips for 10 min, then inverted onto Zigmond slides and incubated in 
their own medium for approximately 10 min. They start active locomotion within 5 to 
10 min. 
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Cells were fixed with the addition of 100 ul of 7% formaldehyde to slide chambers for 10 
min. Cells were then washed three times with PBS, pH 7.4 to remove unbound 
formaldehyde, followed by addition of 100 ul of PBS containing 0.1% SDS, 0.5% Triton 
X-100 and 0.1% BSA. Antibody probing was carried out as decribed below. 
Indirect Immunofluorescence Localization of the 95K Protein 
Following stimulation, fixation, and detergent extraction, cells were incubated with 
blot-affinity purified anti-95K primary antibody (diluted 1:20) in PBS buffer containing 
0.1% Triton and 0.05% Tween 20 for 1 h at 37°C followed by 4 washes in the 
Triton/Tween 20 buffer. Cells were then incubated with a 1:50 dilution of fluoOrescein 
-labelled, goat anti-rabbit secondary antibody for 1 h at 37°C. Control cells were treated 
identically except with the omission of the anti-95K primary antibody. Following 
fluorescent staining as described above, cells were washed with the Triton/Tween 20 
buffer and 15 ul of prepared cells were added to microscope slides and observed using 
differential interference contrast (DIC) microscopy and fluorescence microscopy as 
described below. 
Co-localization of the 95K Protein and Polymerized Actin 
The co-localization of the 95K protein and polymerized actin in E. histolytica cells 
was accomplished by first staining the cells with fluorescein as described above for 
the 95K protein followed by rhodamine-phalloidin (3.3 X 10'7 M) staining for 
polymerized actin. Cells were stained for 15 min and then observed under the 
microscope. 
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Microscopy and Photomicrography 
Light microscopy was done using a standard Zeiss microscope with differential 
interference contrast (DIC) and epifluorescence optics. Fluorescence micrographs were 
exposed from 2 to 32 s depending on the brightness of the fluorescence on Kodak 
Tri-X-Black/White film and Kodak or Kodacolor 100 film. 
CHAPTER IV 
EXPERIMENTAL RESULTS 
Preparation of Cytoskeletons by Detergent Lysis 
The membrane lipid bilayers of E. histolytica were solubilized by the non-ionic 
detergent Triton X-100. This extraction of the cells resulted in insoluble Triton 
residues that retained some of the shape and much of the appearance of the intact cell 
(Figure 1 A). The cytoskeleton masses obtained by sucrose density centrifugation 
isolation stained brightly with rhodamine-phalloidin which revealed the presence of 
polymerized actin in these structures (Figure 1B). 
Qualitative Analysis of Entamoeba histolytica Cytoskeleton 
Proteins 
SDS-PAGE resolution of E. histolytica cytoskeleton proteins is shown in (Figure 2). 
Two bands were observed as distinctly more abundant than the others following 
Coomassie blue staining. One was located at Mr 48K and the other at Mr 95K. The 
48K band has been identified as E. histolytica actin (Meza et al., 1983) whereas the Mr 
95K band has not been discribed. The Triton-insoluble protein pattern on gels was 
distinct from that of Coomassie blue-stained proteins of the total lysate (Figure 3). 
Quanitative Analysis of Entamoeba histolytica Cytoskeleton Proteins 
Densitométrie scans were used to quantitate the proteins of the stained cytoskeleton 
protein bands resolved by SDS-PAGE (Figure 4A). The densitométrie scan (Figure 
4B) indicated that the 95K protein was the second most abundant protein. 
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FIGURE 1. Micrographs of Triton X-100 Insoluble Entamoeba histolytica 
Cytoskeletons Following Sucrose Gradient Centrifugation. 
DIC (A); and Fluorescence (B) show the presence of the polymerized 
actin cytoskeleton as demonstrated by fluorescence staining using 
rhodamine-phalloidin. 
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Figure 2. Coomassie Blue-Stained Sodium Dodecyl Sulfate Polyacrylamide Gel 
Electrophoresis of the Triton X-100 Insoluble Entamoeba histolytica 
Cytoskeleton. 
E. histolytica cytoskeleton proteins were resolved on a 5-15% poly¬ 
acrylamide gel. The 95K and the 48K (E. histolytica actin) proteins 
were the most predominant. The relative mobilities were determined 
by comparing the electrophoretic mobilities on the gel to the mobilities 
of marker proteins with known molecular weights. 
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Figure 3. Comparison of the Protein Composition of Entamoeba histolytica 
Triton X-100 Insoluble and Soluble Proteins. 
When equal amounts of protein (20 ug) were resolved on a 5-15% SDS- 
polyacrylamide gel, the Coomassie blue stained protein profile of E* 
histolytica cytoskeleton proteins (A) was distinctly different from the 
soluble proteins of the supenatant(B) and total amoeba lysate (C). 
Standard molecular weight marker protein kit (D) contains 5 ug of a 
protein mixture of lysozyme (14,000 daltons), Soybean Trypsin Inhibitor 
(21,500 daltons), Carbonic Anhydrase (31,000 daltons), Ovalbumin 
(45,000 daltons), BSA (66,000 daltons), Phosphorylase B (92,500), 
B-Galactosidase (116,500 daltons) and Myosin (200,000 daltons). 
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Figure 4. Densitométrie Scan of Entamoeba histolytica Triton X-100 Insoluble 
Cytoskeleton. 
Densitométrie scan (4 A) of Coomassie blue stained the Triton X-100 
insoluble fraction (4 B) shows that the 95K protein comprised the cytoskeleton 









It constituted approximately 4.6% of the total protein in preparations compared to 6.8% 
for actin which was the most abundant protein. 
The Cytoskeleton Stabilizing Buffer 
E. histolytica contains a variety of proteases (Keene, 1984). The (Figure 5) shows 
the effectiveness of the addition of the protease inhibitors IAA and TLCK to the 
solubilizing buffer. The results revealed no differences in the staining pattern of the 
proteins of the cytoskeleton immediately and 3 h after lysis. This indicated that the 
protease inhibitors effectively blocked destruction of the amoebae proteins. 
Dot Blot Analysis 
As a preliminary attempt to identify the 95K protein, dot immunobloting was used 
as a screening method of the amoebae lysate using antibodies of known commercially 
available cytoskeleton proteins. No cross-reactivity was detected to antibodies of 
several known cytoskeleton-associated proteins which have molecular weights close to 
that of the 95K protein including alpha actinin which has a molecular weight of 95K 
(Table 1). 
Two-dimensional Gel Analysis 
A two-dimensional gel (Figure 6) revealed a single spot corresponding to the 95K 
protein in the acidic region of the gel. Minor proteins were seen close but not at the 95K 
position. It was concluded that the Mr 95K protein band on one-dimensional gels 
represented one single protein. The two-dimensional gel was silver stained which also 
increased the visibility of the minor contaminating bands. 
Figure 5. Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis of Ent¬ 
amoeba histolytica Cytoskeletal Proteins After Lysis. 
SDS polyacrylamide gel (5-15%) of E. histolytica cytoskeleton proteins im¬ 
mediately (A) and 3 h (B) following lysis. No differences in the Commassie 
blue stained patterns were detected indicating that the protease inhibitors 
effectively blocked destruction of amoeba proteins following cell lysis. 
Each lane contained 20 ug of protein. Lane (M) contains 10 ug of the 
mixture of standard molecular weight markers previously described. 
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Table I. Dot Blot Analysis to Detect Cross-Reactivity of Entamoeba histolytica 
Cytoskeletal Proteins With Antibodies to Known Cytoskeleton Proteins. 




ALPHA ACTININ (Rb) (95K) NEGATIVE 
TROPOMYOSIN (Rb) (35K) POSITIVE 
ACTIN (Rb) (45K) POSITIVE 
SPECTRIN (Rb) (240K) NEGATIVE 
FILAMIN (Rb) (250K) NEGATIVE 
VINCULIN (Rb) (220K) NEGATIVE 
BSA (CONTROL) NEGATIVE 
Figure 6. Two-Dimensional Electrophoresis of Entamoeba histolytica Cyto- 
skeletal Proteins. 
Cytoskeletons (lOug) were dissolved in IEF sample buffer and subjected 
to two-dimensional electrophoresis (isoelectric focusing (IEF) followed 
by SDS-PAGE on 5-15% acrylamide gels and silver-staining). Box A 
indicates E. histolytica 95K protein. Note the single spot at Mr 95K 




Isolation of the 95K Protein by Sodium Dodecyl Sulfate 
Polyacrylamide Gel Electrophoresis and Electroelution 
A preparative gel of Triton-insoluble cytoskeleton is shown in (Figure 7). E. 
histolytica cytoskeleton protein (300 ug) were resolved on a 5-22.5% gradient gel. To 
enhance separation from close molecular weight proteins, run times of electrophoresis 
were lengthened. Several preparative gels were prepared to obtain protein quantities 
sufficient to use for further studies. The purity of the eluted protein was accessed by 
re-electrophoresis (Figure 8). Only a single band was shown after electroelution. A 
Bradford (1976) analysis revealed that approximately 40 to 120 ug of protein was 
obtained after elution. 
Antibody Specificity to the Electroeluted 95K Protein 
Polyvalent antiserum was produced by injecting 100 ug of lypholized eluted 95K 
protein into rabbits (TABLE 2). The antiserum reacted with several individual 
polypeptides (Figure 9). The immunoblots not only provided a means of detecting the 
impurities but also a means of separating antibodies reacting with specific proteins in the 
cytoskeleton mixture. This was the basis of the blot affinity technique described below, 
used to obtain a monospecific antibody to the 95K protein. 
Detection of Blot Affinity Purified Monospecific Anti-95K Antibody 
Amoebae cytoskeletons were electrophoresed on preparative SDS gels and 
immunoblotted using nitrocellulose as shown in (Figure 9), with polyclonal antiserum to 
95K. The 95K band region was revealed using substrates to horse radish-peroxidase 
conjugated Protein A. 
Figure 7. The Resolution of Entamoeba histolytica Cytoskeletal Proteins Separated 
by Preparative Sodium Dodecyl Sulfate Polyacrylamide Gel Electropho¬ 
resis. 
Cytoskeleton proteins were separated on a 5-22.5% 3 mm thick preparative 
gel with a single one cm well (A) for standard molecular weight proteins 
containing (10 ug) proteins and a single ten cm well (B) for the amoeba pro¬ 







Figure 8. Silver Stained Sodium Dodecyl Sulfate Polyacrylamide Gel Electropho¬ 
resis Showing the Purity of the Electroeluted 95K Protein from the Triton 
X-100 Insoluble Cytoskeleton. 
Lane (A); Eluant from the 95K protein band of preparative gels like the one 
shown in Figure 7. Note the single band indicated by the arrow that co¬ 
localizes with the 95K protein band of E. histolytica cytoskeleton. Lane 




Table 2. The Titer Response After Immunizing Rabbit With Electrocuted 
Entamoeba histolytica 95K Protein. 




Figure 9. Immunoblot Against Entamoeba histolytica Cytoskeletal Proteins Using 
Antiserum Against Electroeluted 95K Protein. 
The 95K protein band (arrow) was excised and bound antibodies eluted using 
three pH 2.3 washes as described in MATERIALS AND METHODS. 
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The region of the blot containing the 95K protein was excised and eluted using three (5 
min) pH 2.3 washes. Only a single band was detected where the eluted antibody was 
re-blotted against resolved E. histolytica cytoskeleton protein (Figure 10). 
Analysis of the Fixation and Staining Methods 
The Triton-SDS-Formaldehyde method used (See MATERIALS AND METHODS) 
preserved the cell structure (Figure 11) in order to adequately visualize the distribution 
of the 95K protein in the amoeba cells. 
Localization of the 95K Protein and Polymerized Actin in Unstimulated 
Entamoeba histolytica Trophozoites 
DIC and immunofluorescence images are shown in (Figure 12) of unstimulated E. 
histolytica trophozoites. There was diffuse staining throughout the cytoplasm with 
fluorescein staining for the 95K protein (Figure 12 B). Polymerized actin in the same 
cell (Figure 12 C) stained with rhodamine-phalloidin was seen in nucleus and some 
cortical staining. Control cells stained with fluorescein labelled secondary only (Figure 
12 D) were not as brightly fluorescesed when photographed under the conditions used for 
immunofluorescence as in (Figure 12 B). 
Localization of the 95K Protein and Polymerized Actin in Stimulated Entamoeba 
histolytica Trophozoites 
DIC and fluorescent images of liposome stimulated amoebae are shown in (Figure 
12). The cells stained by indirect immunofluorescence show distribution of the 95K 
protein (Figure 13B). Rhodamine-phalloidin staining of the same cells (Figure 13C) 
shows the distribution of polymerized actin. 
Figure 10. Immunoblot Showing the Stages in the Purification of Antibodies 
Against Entamoeba histolytica 95K Protein. 
The specificity of affinity-purified antibodies binding to the 95K protein 
was assessed by immunoblotting. E. histolytica cytoskeleton proteins were 
first resolved on a (5-15%) gradient gel, transferred to nitrocellulose, and 
blotted with antibody preparations to the 95k protein and stained with horse¬ 
radish peroxidase conjugated Protein A as described in METHODS AND 
MATERIALS. Whole anti-serum against electroeluted 95K (B) contained an¬ 
tibodies to several proteins but (A) the antibody eluted from the 95K band 
of the nitrocellulose blot shown in Figure 8, bound only to proteins at Mr 95K 
(band "t", lane A). Standard molecular weight markers lane (C). 
42 
Figure 11. The Appearance of Entamoeba histolytica Trophozoites by Differential 
Interference Contrast Microscopy Following Formaldehyde Fixation and 
Membrane Extraction with Triton X-100 and Sodium Dodecyl Sulfate. 
The morphology of live cells (A) appeared to be well preserved by this fixation 
procedure (B) after the Triton X-100-SDS-formaldehyde treatment. Cell structure 
was well preserved and the arrows indicate the site of the nucleus (Bailey, 
personal communication). 800 X. 
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Figure 12. Indirect Immunofluorescence of Non-Motile Entamoeba histolytica 
Trophozoites. 
The DIC (A) and (B) fluoresescent micrographs of a non-motile amoeba 
cell stain with monospecific antibody to the 95K protein is showing dif¬ 
fuse fluorescence in the cytoplasm. The same cell stained with rhoda- 
mine-phalloidin (C) is showing the polymerized actin localized in the nu¬ 
cleus (long arrow) and cortical staining (short arrow) in the cytoplasm. 
A control cell (D) using fluorescein labelled secondary only is described 
in MATERIALS AND METHODS. 800 X. 
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Figure 13. Indirect Immunofluorescence of Stimulated Entamoeba histolytica Tro¬ 
phozoites Challenged with Stimulatory Liposomes. 
DIC (A) and flourescent (B) micrographs of stimulated amoeba cells stained 
with monospecific antibody to the 95K protein shows localized flourescence 
in the cortical areas of the cell (arrow in B). A liposome stimulated cell stai¬ 
ned with rhodamine-phalloidin (arrow in C) is shown polymerized actin also 




Localization of the 95K Protein in Other Motile Activities of Entamoeba histolytica 
Trophozoites 
DIC and immunofluorescent images of locomoting trophozoites are shown 
in (Figure 14). Immunofluorescent staining of the 95K protein was observed in the 
pseudopod-like structures of actively locomoting amoebae. 
DIC and fluorescent images of E. histolytica during cell to cell contact, (Figure 15) 
show distinct polymerized actin staining in areas of contact (Figure 15 B) but no distinct 
staining pattern of the 95K protein in the same areas of the cell (Figure 15 C). 
Figure 14. Distribution of the 95K Protein and Polymerized Actin in Entamoeba 
histolytica Locomoting on Zigmond Slides. 
DIC (A and D) and flourescent images ( B and E) of actively locomoting 
cella stained with rhodamine-phalloidin showing the localization of poly¬ 
merized actin. Bright staining was observed in the cortical areas of the 
cells (arrowheads) and less staining of the anterior pseudopod (long 
arrow). Cell (E) represents another locomoting trophozoite where there 
is even less evidence of polymerized actin in the anterior pseudopod 
(arrow). Bright staining of a monopodial cell was seen in the pseudopod¬ 
like structures stained with anti-95K (C and D, long arrow). Note the 
bright staining of the pseudopod (long arrows) in the cortical region (short 
arrows). 800X. 
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Figure 15. Indirect Immunofluorescence of Entamoeba histolytica Trophozoites 
Showing the Distribution of the 95K Protein and Polymerized Actin 
During Cell to Cell Contact. 
DIC (A) and (B) are rhodamine-phalloidin stained E. histolytica trophozoites. 
Bright staining of polymerized actin was prominent in the contact regions 
whereas 95K protein revealed by immunofluorescent staining did not appear 





The results obtained in this research allow evaluation of the potential physiological 
significance of an abundant cytoskeletal related protein of the trophozoite of E. 
histolytica. The protein is being referred to by its relative mobility on SDS 
polyacrylamide gels as the 95K protein. One of the primary goals of this investigation 
was to examine its distribution in E. histolytica trophozoites and to develop a hypothesis 
concerning its physiological function relative to polymerized actin during certain 
motility related activities, e.g., unstimulated amoeba, liposome stimulated amoeba, 
(phagocytosis), amoebae during cell to cell contact and locomoting amoebae. 
Preparation and Analysis of Entamoeba histolytica 
Cytoskeleton Proteins 
Procedures for extraction and isolation of E. histolytica proteins are faced with the 
problem of proteolytic activity of amoeba proteases. It was demonstrated that the 
addition of protease inhibitors TLCK and IAA, effectively prevented degradation of the 
cytoskeleton proteins after cell lysis. Therefore, an accurate and consistent protein 
pattern could be obtained by SDS-PAGE. This established that the 95K protein probably 
existed in E. histolytica cells at that molecular weight and was not degraded during 
isolation. 
The protein profiles and their densitométrie scans of the Trition-X-100 insoluble 
pellets revealed that the two most abundant proteins had relative mobilities of 95,000 
(95K) and 48,000 (48K, E. histolytica actin). 
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The possibility that the 95K protein was one of the known actin-associated proteins was 
investigated by the dot immunoblotting technique. Of the actin associated proteins of 
non-muscle cells which have been described, two, gelsolin and alpha-actinin have 
molecular weights close to that of the E. histolytica 95K protein. Gelsolin (90K) is 
involved in depolymerization of the assembled cytoskeleton and therefore would not be 
expected to be associated in abundant quantity with the Triton-insoluble cytoskeleton 
fraction. Alpha-actinin (95K) is a cross-linking protein which stabilizes the actin 
cytoskeleton and would, therefore, be found associated with the insoluble meshwork in 
relative abundance if this protein exists in E. histolytica. 
Dot blot screening analysis indicated that the 95K protein was not immunologically 
related to alpha-actinin. Other cross-reactivity tests with antibodies to four of the other 
known cytoskeleton proteins tested were also negative. The only other cytoskeleton 
associated protein, other than actin itself, which gave a positive reaction was tropo¬ 
myosin. There has been no published report demonstrating the presence of tropomyosin 
(35,000 daltons) in Entamoeba. This may be the first such observation. 
Two-dimensional gel analysis revealed that the band at the position of 95K consisted 
of a single protein with only minor proteins near that molecular weight. The protein 
band migrated in the acidic region of the gel. The information and the techniques used 
in preparative electrophoresis of the 95K and affinity purification of antibody to the 95K 
protein provided the assurance that the monospecific antibody preparation (described 
below) reacted to a single protein on one dimensional gels. 
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Purification of the 95K Protein 
The 95K protein was separated from the majority of other proteins by preparative 
SDS polyacrylamide gel electrophoresis (5-15% gradient gels) followed by 
electroelution. This provided the quantities necessary for further experimental use. The 
concurrent electrophoresis of standard molecular marker proteins helped in rapidly 
locating the region of the preparative gels which contained the 95K protein for by 
excision. 
Recovery of Rabbit Anti-95K Antibody from Nitrocellulose-Bound Antigen 
A previous report (Olmsted, 1981) described the affinity purification of antibodies 
using antigens immobilized on diazotized paper blots. This technique was modified and 
adapted by (Smith and Fisher, 1984) by using antigens immobilized on nitrocellulose 
membranes. 
The latter technique was used to purify antibody against the 95K protein of E. 
histolytica in this study. One advantage in using nitrocellulose as the support for the 
immobilized antigen is not having to use radioactive secondary antibody staining. 
The problem of irreversible binding of the antibody to the nitrocellulose was 
overcome by the addition of Tween 20 as originally introduced (Blake et al., 1984). 
This detergent was used throughout the procedure and allowed preparation of the 
quantities of the affinity purified anti-95K antibody needed for immunofluorescence 
studies. 
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Immunochemical Specificity of Anti-95K Antibody Recovered after Affinity 
Purification from Nitrocellulose-Bound Antigen 
The monospecificty of the anti-95K antibody obtained by the affinity purification 
procedure was assessed using immunoblots of proteins from the entire E. histolytica 
cytoskeleton fraction. The antibody bound to a single protein band at Mr 95K. 
Evaluation of the Fluorescent Staining 
The apparent distribution of fluorescence intensity observed of immunofluorescent 
stained 95K protein should be interpreted with caution, since it may have been affected 
by many factors including alterations during fixation and staining, or condition of cell 
culture at the time of fixation. It was reported (Brier et al., 1983), that a cell of 
uniform thickness was necessary to interpret fluorescence images in terms of antigen 
distribution in cells. It is generally inferred in studies employing immunofluorescence 
that the fluorescence intensity is directly related to the concentration of the protein in the 
present case, 95K protein and polymerized actin. 
Blot affinity-purified monospecific antibody to the 95K protein was used to study 
the cellular distribution of this protein and to study its relationship to polymerized 
actin in certain motililty related responses in E. histolytica trophozoites. Cell shape was 
maintained and cellular structures preserved using a modification of a fixative method 
described by Lazarides (1976). The initial experiments demonstrated that the 3% 
formaldehyde was not sufficient to maintain the cellular structure during fixation. 
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An increase in the formaldehyde concentration to 1% preserved cell structure and did not 
destroy anti-95K antibody recognition sties, since there was a clear distinction seen 
between the fluorescence staining of controls lacking the primary antibody and the 
experimental cells. 
Immunofluorescent images of the 95K protein demonstrated that it is distributed 
throughout the cytoplasm and is not located in any distinct regions in unstimulated, 
non-motile cells. Taylor (1980) has suggested that there must be a pool of cytoskeleton 
proteins in the cytoplasm in order to allow maximization of their utilization during quick 
changes brought about by environmental stimuli in rapidly motile amoeba. This may 
explain why the 95K protein was distributed throughout the cytoplasm and not 
concentrated in any distinct regions of non-motile E. histolytica cells. 
The immunofluouresence studies suggested that there may be a relationship between 
the 95K protein of E. histolytica and polymerized actin during certain cell motility 
related responses. In liposome stimulated E. histolytica cells, in which actin becomes 
rapidly polymerized at sites of liposome contact and phagocytosis, there was a 
redistribution of the 95K protein to the cortical areas of the cytoplasm where this 
polymerization occurs. The possibility of co-localization of the 95K protein and 
polymerized actin in the cortical region of the cell after stimulation requires additional 
study. The 95K protein may be involved in the growth and organization of actin 
filaments in the cell cortex during phagocytosis. 
Roles of other proteins such as alpha-actinin, that have been identified in the 
cortical areas of amoebae after stimulation with bacteria, have been determined to be 
involved in the reorganization of actin causing a phagocytic motile response (Brier, 
1983). 
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The presence of polymerized actin in areas of contact in Dictyolstelium amoebae after 
stimulation caused by cell to cell contact has been demonstrated and evaluated (Yumura 
and Fukui, 1984). The presence of the polymerized actin in the area of contact suggest a 
participation in some contractile response. The observation that the 95K protein was 
not detected in these areas may suggest that it does not participate in this non-phagocytic 
contractile related response. 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
Conclusions from this study of a major 95K protein associated with the cytoskeleton of 
E. histolytica are as follows: 
1. Optimal conditions that inhibit protease activity were established for the isolation 
and stabilization of E. histolytica cytoskeletons. This was accomplished by the in¬ 
clusion of the protease inhibitors TLCK and IAA in all steps in the isolation pro¬ 
cedure. 
2. Optimal conditions were established for the electrophoretic resolution on SDS- 
PAGE gels and the assessment of its purity by two-dimensional gel electrophoresis. 
The 95K band was shown to consist of a single protein that was determined by 
densitometry to be the second most prominent protein in the Triton X-100 
insoluble fraction of E. histolytica. 
3. It was established by immunological cross-reactivity studies using available anti¬ 
bodies to the known cytoskeleton proteins that there is no antigenic relationship bet¬ 
ween the 95K protein of E. histolytica and alpha-actinin a known cytoskeleton asso¬ 
ciated protein of similiar size. The dot blot screening analysis did reveal cross-re- 
activity to tropomyosin (35K) demonstrating its presence in Entamoeba. This may 
be the first such observation. 
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4. Preparative SDS-PAGE followed by electroelution was used to isolate a 95K protein 
from the cytoskeleton of E. histolytica. Polyvalent antiserum was produced after 
immunization with the electroeluted, lypholized protein. 
5. Monospecific antibody to the 95K protein of E. histolytica was obtained by blot- 
affinity purification, using nitrocellulose as a matrix from which antibody to the 
bound 95K protein was eluted. 
6. It was shown by indirect immunofluorescence studies using affinity purified anti- 
95K antibody that the 95K protein was evenly distributed throughout the cytoplasm 
of non-motile E. histolytica trophozoites. The 95K protein co-localized with poly¬ 
merized actin in the cortical cytoplasm after liposome stimulation of amoebae sug¬ 
gesting a possible role in the reorganization of actin filaments during phagocytosis. 
7. The 95K protein was also found in pseudopod-like structures of E. histolytica tro¬ 
phozoites which may suggest that it contributes to the orientation or polarity of these 
cells. 
8. In conclusion, the 95K protein is a major cytoskeleton protein of E. histolytica 
which appeared to become associated with actin during liposome stimulated phago¬ 
cytosis. Since the actin cytoskeleton is essential in phagocytosis, a major step in 
the cytopathogenic mechanism of E. histolytica, the 95K protein may also play a 
functional role in E. histolytica attack on mammalian cells. Further studies of 
this protein are warranted. 
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